The existence or nonexistence of the potential homologues of Msd1 and Wdr8 in various eukaryotes. Both Msd1 and Wdr8 are highly conserved across a wide range of eukaryotic species (humans, plants, and fungi), though some organisms contain only Wdr8 homologues but not those of Msd1 (Chlamydomonas reinhardtii and Tetrahymena thermophila). Also, there are some species that contain neither (Caenorhabditis elegans, Drosophila melanogaster, Trypanosoma cruzi, and Saccharomyces cerevisiae). However, no organisms are found that contain only Msd1. Thus, it is possible that Wdr8 may play some roles independent of spindle anchoring or is still involved in spindle anchoring independent of Msd1. (C) Colocalization of Msd1 and Wdr8. Cells containing Msd1-GFP and Wdr8-tdTomato were fixed, and fluorescent images were taken. During mitosis, both proteins colocalize to the SPB. (D) Msd1 does not localize to the kinetochore. Cells containing Msd1-tdTomato and Mis6-2GFP (Mis6 is an authentic kinetochore marker; Saitoh et al., 1997) in the background of either wild type or wdr8 were fixed, and fluorescence images were taken. Representative images of cells corresponding to interphase and different stages during mitosis are shown. Arrowheads show separated SPBs, whereas the arrow indicates the spindle microtubule. (E) Quantification of fluorescence intensities of Alp4, Msd1, and Wdr8 at the mitotic SPB. Fluorescence intensities of GFP-Alp4, Msd1-GFP, and Wdr8-GFP (all produced from the endogenous promoters) that locate at the mitotic SPBs are quantified. All p-values were obtained from the two-tailed unpaired Student's t tests. The first and third quartiles (the 75th and 25th percentiles) are at the ends of the box, the median is indicated with a vertical line in the interior of the box, and the maximum and minimum are at the ends of the whiskers (n = 100). ****, P < 0.0001. a.u., arbitrary unit; WT, wild type. The peripheries of the cell are outlined in the images with dotted lines. Bars, 10 µm.
. Further cell biological and genetic analysis of Msd1, Wdr8, and Pkl1 as well as the dependency of SPB localization of Msd1 on the spindle microtubule. (A) Delocalization of Wdr8 in the pkl1 mutant. Representative mitotic images of wild-type (top two rows) or pkl1 cells (bottom two rows) containing Wdr8-tdTomato and GFP-Alp4 (SPBs) are shown. I, interphase; M, mitosis. Arrowheads show SPBs, whereas the arrow indicates the spindle microtubule. (B) Hypersensitivity to TBZ in msd1, wdr8, and pkl1 mutants. 10-fold serial dilutions of exponentially growing individual strains were spotted onto rich YE5S media in the presence of 15 µg/ml of an antimicrotubule drug thiabendazole (TBZ; right) or its absence and incubated at 27°C for 3 d. (C) Spindle microtubules are required for the maintenance of SPB localization of Msd1. Cells exponentially grown at 27°C that contain Msd1-tdTomato and GFP-Alp4 (SPB) and CFP-Atb2 (microtubules [MTs] ) were placed on ice for 45 min. Fluorescence images in the same field that contain three mitotic cells were taken under fluorescence microscopy before and after cold treatment. (D) The initial recruitment of Msd1 to the mitotic SPB requires the spindle microtubule. Cells of the cold-sensitive -tubulin mutant nda3-KM311 (Hiraoka et al., 1984) containing Plo1-GFP and Msd1-tdTomato were grown at 32°C and shifted to 19°C for 6 h. Under this condition, >80% of cells were arrested in early mitosis (judged by a single Plo1-GFP dot at the SPB; Bähler et al., 1998; Mulvihill et al., 1999) . Cells were placed on ice for 10 min before imaging to assure complete microtubule depolymerization. Then, fluorescence images of mitotic cells displaying positive Plo1 signals with a single SPB were taken. The arrowhead shows the position of the SPB. The peripheries of the cell and the nucleus are outlined in the images (dotted and continuous lines, respectively). WT, wild type. Bars, 10 µm. Figure S3 . Nuclear import of Msd1 and Wdr8 was not sufficient for their localization to the SPB or spindle anchoring in the absence of Pkl1. (A and B) Localization of Msd1-NLS SV40 -tdTomato (A) or Wdr8-NLS SV40 -tdTomato (B) during interphase (I) or mitosis (M) in wild type or plk1. Both Msd1-NLS SV40 -tdTomato and Wdr8-NLS SV40 -tdTomato localized to the mitotic SPB only in the presence of Pkl1 (wild type [WT] ). The peripheries of the cell and the nucleus are outlined in the images (dotted and continuous lines, respectively). Arrowheads show SPBs, whereas arrows indicate the spindle microtubules. Bars, 10 µm. (C) Quantification of signal intensities of Msd1-NLS SV40 -tdTomato and Wdr8-NLS SV40 -tdTomato. All p-values were obtained from the two-tailed unpaired Student's t tests. Data are presented at the means ± SD (≥50 cells, n = 3). ****, P < 0.0001. (D) Quantification of the spindle-anchoring defects. P-values were derived from the two-tailed  2 tests (≥70 cells). We followed this key for asterisk placeholders for p-values in the figures: ****, P < 0.0001. a.u., arbitrary unit; MTs, microtubules. Figure S4 . msd1 or wdr8 suppresses the temperature sensitivity of the cut7 mutants in an allele-specific manner. (A and B) Growth of individual strains indicated (A, msd1; B, wdr8) was assessed at various temperatures by spot tests. Two independent isolates (#1 and #2) were used for double mutants between cut7-21, -22, and -446 and msd1 (A) or wdr8 (B). Although the temperature sensitivity of cut7-21 or cut7-22 was efficiently suppressed when combined with msd1 or wdr8, that of cut7-446 was not rescued by msd1. cell conc., cell concentration; WT, wild type. The percentage of cells displaying protruding spindles is counted in individual strains indicated. All strains contain mCherry-Atb2 for the visualization of microtubules. Tethering Pkl1 to the SPB substantially ameliorated spindle-anchoring defects in the absence of Wdr8. P-value is derived from the two-tailed  2 test (≥50 cells; ***, P < 0.001). MTs, microtubules; WT, wild type. leu1, ura4, Strains were developed for this study unless otherwise specified.
